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Fiqure 19 Observed and Computed Hydrographs for the Growing Season of Spring Creek, near Montevideo, MN



DORMANT SEASON

22 nd

I

DA TE

24 th

I
26th

I

SITE 38

PEAK DATE
A = 16.0
P = 1.3"

APRIL 22 , 1972
Square Miles

" R =0./5"

10

80

J
N
co
I

"'II),
~6

lu
~
Q::
"'l
::t
~

~ 40
~

20

• OBSERVED HYDROGRAPH

o Tc = 12,5,2,3.5,6,2.5,2 i

CN= 72,73.11,72.10,70,68 j ASM = 2

C=.5,.46,.39

\J Tc = 12,5 ,2,3.5,6,2.5,2 j

CN = 72, 7 3 ,71 ,72 ,70 ,70 I 6 8 i AS M = 2

C= .5,.46,.39 j Rainfall Table 1(24 Hr. duration)

Figure 20

Iom!:::------I--=----L--=m:----L.--=n----'L....--__m-l---...L---.L-----I----'n:-----L-__--L.-----'-----=---..L----'-----m--'----=--....L-_-::-...&..-__4--

2000 1600 800 2000 1600
TIME (hrs-)

Observed and Computed Hydrographs for the Dormant Season of Spring Creek, ~ear Montevideo, MN
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Figure 21 Map of Raven Stream tributary watershed, near New Prague, MN



SITE 109 - Peaked JUNE 16, J967

• OBSERVED HYDRO GRAPH
o Tc = 70 i CN = 82 i A SM = 2

C= .11, .10, .08, .10, .20
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Figure 22 Observed and Computed Hydrographs for the Grow; ng Season of Raven Stream tri butary, near New Prague, MN
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Figure 24 . Map of Glaisby Brook Watershed, near Kettle River, MN
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Figure 25 Observed and Computed Hydrographs for the Growing Season of Glaisby Brook, near Kettle River, MN
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Figure 26 Observed and Computed Hydrographs for the Dormant Season of Glaisby Brook, near Kettle River, MN
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Co Regression Model

Several attempts were made to develop relationships of the time of

concentration and routing coefficient with the watershed physical

characteristicso Using data of the nine watersheds a relationship of the time

of concentration with length of reach and the routing coeffiCient with the slope

of the reach are derived using a regression model of the following form:

[2J

where Tc = time of concentration in hours, L = reach length in feet, and a ando
aI' = regression coefficientso The data was plotted on log-log papero A

logarithm transform of equation [2J results in

log Tc = log ao + a l log L [3J

Similarly for the routing coefficient the regression model is:

where C = coefficient of velocity, S =

bI = regression models.

The log transform of equation [4J is:

[4J

slope of reach in feet/mile, and bo and

log C = log bo + bl log S

-38-
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o. Results uf Regression Model

Equations [3J and [5J were used to derive values for ao' a1, bo' ana b1 for

given values of Te and L, and C and S respectively. Figure 30 shows a

relationship of Te with L for the nine watersheds without breaking them into

subwatersheds. The length of reach considered in this case is the total main

channel length of the whole watershed as shown on Table 1 and the time of

concentration of the growing season as shown on Table 2. The results are:

Te = 3 X10 -10 (L) 2.416 [6J

where

lO,OOOc:::::. Lc:::::. 100,000, Tc is in hours and L is in feet.- -

Arelationship of Tc with L for the subwatersheds which includes both overland

flow and channel flow is shown in Figure 31. The results are:

Tc = 1.28 X 10 -14 (L) 3.432 [7J

where

1O,000~L~50,000, Tc is in hours and l. is in feet.

and

Tc = 9.98 X 10 -6 (L) 1.362 [8J

where

1,000c:::::.L~10,OOO Tc is in hours and L is in feet.

Similarly, a relationship of C with S was developed as shown on Figure 32 and

the results are:

-39-
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where

and

where

C = 3.81 X 10 -3 (S) 1.327

12~ S~ 100, Sis in feet/mil e,- -
C = 1.19 X 10 -2 (s) 1.410

3<:::: sO:::: 15, S is in feet/mile.- -

[9J

[l0]

E. Multiregression Model

A multiregression model was used to analyze the interdependency of the

climatic, hydrologic, and watershed characteristics. 12 variables were

considered - the precipitation P in inches, the antecedent soil moisture ASM (1

for dry, 2 for normal, and 3 for wet), the peak observed discharge Qp in cubic

feet per second, the observed runoff R (depth of runoff over the entire area of

the watershed) in inches, the ratio of runoff to precipitation R/P in percent,

the time of concentration Tc in hours, the time to peak Tp in hours, the

watershed area A in square miles, the land use LU in percent of forest cover,

the storage St (area of lakes and swamps over the area of watershed times 100

plus 1) in percent, the slope S of the main channel of the watershed in

feet/mile, and the base of the hydrograph Tb in hours.

The general form of the regression equation may be expressed:

[11J

where U = dependent variable in this case representing anyone of the above 12

-43-



variables, and A, B, C.•• N = independent variables in this case representing the

other 11 variables, n = number of independent variables, and ao,al,a2,a3 .•. an =

regression coefficients.

Equation [11J is linearized by d log transform expressed in the following form:

log U = log ao + a1 log A + a2 Log B + d3 Log C+ .•. +an Log N [12J

The general form of equation [12J was used to derive the desired relationships

between the variables. No more than four variables at a time were used in one

equation so that the derived relationships can be practical.

The rainfall events were divided into two seasons - the growing season,

June to September and the dormant season March through May and September through

November. 25 rainfall events (at least two events for each of the 10 watersheds

listed in Table 1) were considered for multiregression of the 12 variables for

the growing season. Similarly, 20 rainfall events were considered for

multiregression for the dormant season. The rainfall for the growing season

varied from 0.7" to 6.1 11 and for the dormant season from 1.0" to 5.8".

The multiregression model (3) through its screen routine allowed to

determine which of the 11 independent variables are significant on each of the

12 variables considered as dependent variables one at a time.

This routine screen enabled the determination of the dominant independent

variables for a given dependent variable. For example given Qp, which one of the

11 independent variables describes best Qp; which two of the 11 independent

variables describe best Qp; which three of the 11 independent variables describe

Qp, and so on. Once the dominant independent variables for each dependent

-44-



variable are determined, then the multiregression was run for each dependent

variable with the one, two, three and four independent variables separately.

Since Rand %R/P, are not independent of each other, Rand %R/P were not used

together as independent variables, although P and R/P were used together as

independent variables. For example, for the growing season, the one dominant

variable that describes best Qp out of the 10 independent variables (excluding

the 1st independent variable %R/P) is R, the two dominant independent variables

that describe Qp are Rand Tc, and the three dominant independent variables that

describe Qp are R, A, and Tb, and the four dominant independent variables that

describe Qp are R, A, S, and Tb as shown in Table 4.

The average percent of standard error of estimate (%SEE) was estimated by

the following procedure.

SEE = e(Qpo _ QPp)2

N-1-p

[13J

where Qpo = observed peak discharge, Qpp = computed peak discharge, N=number of

events, p=number of independent variables of the regression equation. Then the

average percent of standard error of estimate was found by

Average %SEE = (lOSEE_I) + (1_10-SEE ) [14J

2

where 105EE _1 = the upper limit of standard error of estimation, and 1_10-SEE =

the lower limit of standard error of estimate (4).

-45-



The average percent of stannard error of estimation for each equation is shown

in Tables 4 and 5.

The coefficient of determination r2 is defined by:

r 2 = ~ (QrR _ gpo)2

f (Qpo - Qpo) 2

[15J

where Qpo = observed peak discharge, Qpp = predicted peak discharge, and Qpo =

(Qpo)/N observed peak discharge, and N = number of events. r2 is shown for

each regression equation in Tables 4 and 5.

F. Results of Multiregression Model

The results of the regression model are shown on Tables 4 and 5 for the rainfall

events that occurred in the growing season and dormant season respectively.

2r reflects the overall accuracy of the prediction equation (5). The r2 value

of 0.77 for Equation [16J in Table 4 for instance, indicates the proportion of

variation of Qp by R (runoff) and 0.23 (l-r = 1-0.77=0.23) is the proportion not

explained by R. The value r2 gets better as the number of independent variables

in the equation increases. For example, r2
= 0.89 in Equation [23J in Table 4.

These values of r2 indicate that 77% of the variation in Qp can be explained by

the runoff R, and 89% of the variation in Qp can be explained by P, %R/P, A, and

-46-



T~b'e 4 RELATIONSHIP OF CLIMATIC-HYDROLOGIC AND

WATERSHED CHARACTERISTICS FOR THE

GROWING SEASON (APRIL THROUGH SEPTEMBER)

REGRESSION EQUATIONS EQUATION

NO.

AVERAGE

%SEE

Qp = 2.49xl02 RO.6096 [l6] .77 148

Qp = 4.14xl02RO.6505 Tb-O.1151 [17] .80 34

Qp = 1.09XI03RO.7335(A)O.3650Tb-O.4979 [I8] .88 26

Qp = 2.642XI03RO.8158AO.3257S-0.1387Tb_O.5767 [l9] .89 26

Qp = 20 (R/P)0.7051 [20J .69 42

Qp = 22(R/P)0.5756T 0.1796 [21~ .80 230
e [22J .82 33Qp = 18 pO.2490 (R/P)0.6073T 0.1195

Qp = 33pO.6303(R/P)0.7678AO.3739Tb-o.4774 [23J .89 26

R = 8xl0-4Qp l.2588 [24~ .76 790

R = 1.0Xl0-3pO.5571Qp1.1091 [25J .83 46

R = 1.0Xl0-3QPO.8836s0.5051Tbo.5570 [25J .91 34

R = 9Xl0-3QPO.9816A-0.3148S0.3346Tbo.7485 [27] .94 29

T - 3 0 la-IT 0.8300 [28J .74 83e - .L.X P
Te = 4X10-2QpO.6670TpO.6871 r29~ .83 66

Te = 4.9Xl0-2p-0.6679QpO.6830TpO.8626 [30J .85 64

Te = 1.32(R/P)0.5906TpO.8057AO.7032Tb-o.8197 [31J .88 57
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Table 4 continued

REGRESSION EQUATIONS EQUATION

NO.

AVERAGE

%SEE

Tp = 1.83TcO.8928 [32J .74 86

Tp = 2.1XIO-1TcO.S842TbO.6349 [33J .91 48

Tp = 0.23pO.6044TcO.5234TbO.5006 [34J .93 49

T
b

= 1.12x102 (St)0.2985 [35J .82 56

T
b

= 58XpO.6243(St)0.2502 [36J .87 48

T
b

= 4.26x10 3 Q-O.9874RO.8470AO.7583 [37] .92 38

T
b

= 3.2x104Qp-O.6836RO.8322(LU)0.2444S-0.842 [38J .94 32

ASM = 1.30(LU)0.1157 [39J .16 47

ASM = 1.93(R/P)-O.1553(LU)0.1157 [40J .22 46

ASM = 2.9x10-1R-O.3534TpO.3531S0.2463 [41J .29 45

P = 1. 46TpO.2627 [42J .60 34

P = 1.44Tc-O.1177TpO.3655 [43J .63 34

P = 1.79RO.1446Tc-O.1766TpO.3572 [44J .68 32

%(R/P) = 0. 13QPO.9869 [45J .69 50

%(R/P) = 0. 12QO.8694S0.2035 [46J .76 45

%(R/P) = 0.07 QPO.9752A-O.4545TbO.3671 [47J .81 40
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Table 5 RELATIONSHIP OF CLIMATIC HYDROLOGIC

At'iD WATERSHED CHARACTERISTICS FOR

DORMANT SEASON

(APRIL THROUGH MAY AND SEPTEMBER THROUGH NOVEMBER)

REGRESSION EQUATIONS EQUATION

NO.

AVERAGE

%SEE

Qp = 81p1.042 [48J .51 81

Qp = 26pO.9871(LU)·2746 [49J .71 62

Qp = 13pO.9597(R/P)0.2478(LU)0.2653 [50J .79 54

Qp = 3. 54pO.8990(R/P)0.4168(A)0.9270(st)-O.2105 [51J .84 48

Qp = 32pO.7424RO.1989(LU)0.3013(St)-0.2451 [52J .79 56

R = 4Sx10-3
QPO.8804 [53J .42 132

R = 1.03X10-4S1.1777Tb1.0954 [54J .72 86

R = 9x10-4QO.8304A-O.7438T 0.8075 [55J .84 65
b

R = 5X10-5QPO.5872(LU)-O.3388S0.9620Tb1.0847 [56J .88 56

Te = 1.67AO.7004 [57] .67 80

Te = 7.32x10- 1TpO.4201AO.4447 [58J .75 70

Te = 2.46RO.3643AO.9984(LU)-0.2446 [59J .81 62

Te = 2.53x10-1QpO.3860TpO.3715AO.6026(LlJ)-0.2445 [60J .84 58

Tp = 2.56TeO.7821 [61}

Tp = 5.63X10-10Teo.5882Tbo.4380 [62J

Tp = 2.93X10-10(ASM)0.7217Teo.6532Tbo.4177 [63J

Tp = 5.2xlO-1(ASM)0.9381(R/P)0.3744TeO.5533(St)0.1196r64J

-49-
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Table 5 continued

REGRESSION EQUATIONS EQUATION

NO.

AVERAGE

%SEE

T = 57pO.1589 [65J .01 114b
T
b

= 1.33xl03RO.5491S-0.8201 [66J .70 58

T
b

= 5.03x102RO.5096(LU)0.1846S-0.7650 [67] .81 47

T
b

= 1.87xl03Qp-0.3044RO.6523(LU)0.2655S-0.7697 [68J .85 43

ASM = 4.45 QpO.1243 [69J .11 40

ASM = 2.24 Tc-O.2402TpO.2080 [70J .21 39

ASM = 1.25 R-O.1606TpO.2204(St)-0.6990 [71J .29 38

P = 0.133QpO.5074 [72J .51 55

P = 0.144QpO.6390(LU)-0.1686 [73J .63 49

P = 0.141 QpO.6792(LU)-0.2118(St)0.2317 [74 J .65 50

P = O.128QPO.7957(tc)-0.1971(LU)-O.2524(St)0.6730 [75J .68 48

%R/P = 4.05S0.5418 [76J .29 114

%R/P = 4.5X10-2S0.9041TbO.8326
[77J .66 75

%R/P = 2.7X10-2p-O.3785S1.001TbO.9256
[78J .71 71

%R/P = 2.26X10-2p-O.4100(LU)-0.1755S1.0592Tb1.1077 [79J .76 65
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The standard error of estimate reflects the prediction accuracy of the equation

in absolute units. For example the value of Qp predicted by Equation [16J in

Table 4 will be within 148% more or less of the true value of Qp. The accuracy

of the predicting equations improves as indicated by the %SEE values as the

number independent variables increases. For example, th~ %SEE for Equation [18J

is 26%.

Equations [16J to [79J explain the relationship between the variables. First of

all one can see the dominant independent variables for each given dependent

variable. A positive power of an independent variable indicates that if the

variable increases in magnitude then the predicted value of the dependent

variable will increase. If R in Eauation [16J in Table 4 increases, for

instance, the value of Qp will increase. On the other hand if Tb in Equation

[18J in Table 4 increases the value of Qp will decrease since the power of Tb is

negative. For these two cases, Equations [16J and [18~, the behavior is known

before, without deriVing these equations. What was unknown, however, was how

exactly these equations are formulated, how many dominant independent variables

to include, and what the values of the regression coefficients were.

Predictive equations for Qp, R, Tc, Tp, Tb, ASM, P, and %R/P were developed and

can be used depending on the magnitude of %SEE. An equation with %SEE of 50 or

less may be used to estimate the desired value of the dependent variable.

A comparison of Tables 4 and 5 for each dependent variable shows that there is a

difference between the independent variables for the same dependent variable for

-51-



the growing and dormant seasons. For example, the independent variable in

Equation [16J is R, and in Equation [48J it is P for the dependent variable Qp•

In other words the runoff R is more dominant variable during growing season than

P and explains more the variation of Qp. In the dormant season, however, the

reverse is true. The land use percent LU and percent storage St are dominant

independent variables in the dormant season equations and Tb and S and are

dominant independent variables in the growing season equations.
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V. CONCLUSIONS

The nine watersheds modeled using TR-20 hydrologic models are small in area

ranging from 0.73 to 4.92 square miles. The TR-20 model was primarily developed

for smaller watersheds to help in the planning and implementing watershed

management programs. Equations, [6J to [10J, are applicable in Minnesota to

determine the time of concentration and routing coefficient C, which are needed

as input data in TR-20 program in performing hydrologic modeling.

Equation [6] can be used to determine the time of concentration Tc where the

flow is entirely channel flow. This determination can be done by simply

figuring out the channel reach length in feet of the watershed or subwatershed

and using Equation [6J. Furthermore, Equation [6J is used for channel reach

lengths of more than 10,000 feet and less than 100,000 feet. Reach lengths of

watersheds will usually be less than 100,000 feet in performing TR-20 modeling

because larger watersheds are broken into smaller watersheds to do an adequate

job in hydrologic modeling.

For subwatersheds that include overland and channel flow Equations [7J and [8J

can be used to determine the time of concentration Tc. Equation [7J is used

when the subwatershed length (overland and channel) is more than 10,000 feet and

less than 50,000 feet, whereas Equation [8J is used when the watershed length

(overland ar.d channel) is more than a 1000 feet iind less than 10,000 feet.
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Similarly, Equations [9J and [IOJ can be used to determine the routing

coefficient by figuring the slope of the overland and channel slope in feet per

mile. Equation [9J is used when the slope S is more than 12 feet per mile and

less than 100 feet per mile, whereas equation [10] is used when the slope S is

more than 3 feet per mile and less than 12 feet per mile.

Equation [6] to [8J were developed from watersheds that had no swamps and

watersheds that have swamps up to two-thirds of their channel reach length.

Therefore, Equations [6J and [8J are applicable in watersheds where the reach

lengths go through marshes. In developing Equations [9J and [10J, however, the

data from marshy reaches did not fit well (see Figure 32) and therefore were not

used in developing these Equations [9J and [10J and as such it may not be

advisable to use them in a reach where significant length of the channel passes

through a marsh.

Finally, when modeling a watershed one can always compare the watershed

characteristics such as size, shape, reach length, and slope with the one of the

nine watersheds in Table 1, and then estimate the time of concentration and

routing coefficient from the corresponding watershed in Tables 2 and 3 and/or

the results shown in the Figures where the observed and computed hydrographs are

displayed.

The relationships expressed by equation [16J through [79J are very significant

results. A look at the independent variables of a dependent variable and by

considering the corresponding value of r2 and %SEE tells which factors are

important in doing hydrologic modeling. Any of the predictive equations for Qp,

R, Tc, Tp, %R/P and Tb may be used if %SEE is less than about 50%.
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